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POVffiR  OOMSUIiPTIOK  TESTS  OF  A  BASCULE  BRIDGE 
IHTROIUCTIOir 

The  tmiversal  use  today  of  electric  power  for 
operating  lift,  draw  and  bascule  bridges  of  all  types  has 
come  about  because  of  its  unquestionable  advantages  over 
all  other  sources  of  power.   These  advantages  are  many, 
tlie  principal  one  being  the  great  speed  at  which  a  bridge 
of  the  modem  type  cam.  be  opened  and  closed. 

Ih.e  electric  motor  is  the  only  machine  that  csm 
be  relied  upon  to  accomplish  this  at  any  and  all  times,  and 
under  all  conditions  of  weather.   It  has  done  away  with 
many  of  the  old  objections  to  the  use  of  steam  power  for 
this  purpose.   In  place  of  the  boiler  room,  coal  bunkers, 
steam  engines  and  other  equipment  necessary  in  such  a  plant, 
the  modem  operating  mechanism  consists  only  of  two  compact 
motors  and  simple  trains  of  gears. 

ia  yet  the  gasoline  engine  has  not  demonstrated 
its  adaptability  to  the  conditions  that  obtain.   It  is  now 
used  only  in  a  few  installations  as  an  emergency  source  of 
power.   The  time  required  to  operate  a  bridge  leaf  in  this 
way,  as  observed  in  an  actual  case,  is  fally  fifteen  times 


as  great  as  tiiat  required  with  the  regular  electric  in- 
stallation. 

The  presence  of  an  unfailing  supply  of  current  in 
all  modem  cities  where  movable  bridges  are  constructed, 
makes  the  argument  in  favor  of  electric  power  particularly 
convincing. 

The   problem,  therefore,  has  been  to  adapt  the 
present  theory  of  bridge  design  to  the  successful  types  of 
electric  motors  on  the  market  and  their  controlling  appa- 
ratus.  The  selection  of  the  right  size  and  type  of  motor 
to  accelerate  the  bridge  leaf  and  to  keep  it  moving  under 
unfavorable  conditions  at  a  unifoim  speed,  has  been  a  dif- 
ficult problem  on  account  of  the  uncertainty  as  to  the  con- 
ditions which  prevail  and  also  because  of  the  lack  of  accu- 
rate data  pertaining  to  bridge  operation. 

Various  attempts  liave  been  made  by  engineers  in- 
terested in  this  matter  to  discover  the  relations  existing 
between  the  factors  making  up  the  problem.  Due  to  many 
obvious  diffictilties,  little  accurate  information  has  been 
available.  The  tests  outlined  in  these  pages  were  under- 
taken to  clear  up  as  many  of  these  difficulties  as  possible* 
The  Division  of  Bridges,  of  the  Bureau  of  Engi- 


neering  of  the  City  of  Chicago,  during  the  year  1916  con- 
pleted  three  iDasc-ale  bridges  of  the  latest  "City"  type,  the 
counterweigkited  tnumion  bascxile  bridge.   These  bridges 
are  over  the  Chicago,  river— -one  at  Lalce  Street,  another  at 
Webster  Avenue,  and  the  third  at  Belmont  Avenue.   The 
bridge  at  LaJse   Street  over  the  South  Branch  is  two-leaf, 
double  deolE  construction,  accommodating  street  cars,  gen- 
eral traffic  and  foot  passengers  on  the  lower  deck,  and  the 
double  track  of  the  elevated  railroad  on  the  upper  deck. 
The  bridge  at  Y/ebster  Avenue  over  the  Horth  Branch  is  of 
two-leaf,  sin&Le  deck  construction  and  carries  only  general 
traffic  and  foot  passengers.   The  one  over  the  North  Branch 
at  Belmont  Avenue  is  almost  the  exact  counterpart  of  the 
Webster  Avenue  bridge,  the  chief  difference  being  that  it 
carries  two  street  car  tracks. 

Glhe  need  of  a  series  of  tests  upon  one  of  these 
bridges  was  brought  to  the  notice  of  the  writers,  and  ar- 
rangements were  made  to  carry  them  out  under  the  direction 
of  the  Bridge  Division. 

After  due  consideration,  the  Webster  Avenue 
bridge  was  chosen  as  the  one  on  viiich  to  make  these  tests. 
The  principal  reason  for  this  choice  was  the  absence  of 


street  car  and  elevated  traffic  over  it.  A  farther  reason 
was  that  the  e::qposed  position  of  the  bridge  made  the  effect 
of  wind  action  more  pronounced  and  easier  to  measure. 


The  Wehster  Avenue  "bridge,  in  brief,  consists  of 
two  exactly  similar  leaves  operated  independently  and  with 
no  mechanical  connection  other  than  a  center  loclc  which  is 
operated  from  the  west  side.  The  total  length  of  the  two 
spans,  center  to  center  of  pinions,  is  182  feet  9  inches. 


and  the  total  width  is  66  feet  0  inches.   A  general  idea 
of  the  bridge  can  be  obtained  from  the  accompanying  photo- 
graphs and  a  farther  description  of  the  bridge  will  not  be 
given  as  it  does  not  directly  concern  the  tests.   A  de- 
scription of  the  operating  mechanism  is  necessary,  however, 
to  explain  the  use  of  the  testing  apparatus. 

Each  leaf  is  raised  and  lowered  by  means  of  two 
similar  50  H.P. ,  600  volt,  direct  current,  series  wound 
motors  of  street  car  type,  Miftiich  operate  throu^  a  train  of 
gears  onto  racks  on  the  main  trusses  centered  around  the 
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pinions.   lEhe  motors  and  gears  are  situated  on  either  side 
of  the  counterwei^t.   Bralce  bands  are  placed  on  drums 
geared  directly  to  the  motors  and  are  controlled,  as  are 
the  motors,  from  the  operating  house  usiiich  is  adjacent  to 
and  above  the  cotmterweight  pit.   The  motors  are  operated 
with  a  drum  controller  of  the  street  car  type. 
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POV/SR  COHSUilPTIOH  TESTS  OF  A  BASCULE  BRIDGE 
OBJECTS  OP  TESTS 

In  studying  the  conditions  and  the  desired  re- 
sults, six  distinct  problems  presented  themselves  for  solu- 
tion, namely: 

1,  The  relation  of  the  power  consumed  at  any  instant 
to  the  angle  of  the  leaf  with  the  horizontal  at  that  in- 
stant* 

E.  The  relative  power  consumed  hy  the  two  leaves 

under  similar  conditions. 

3.  The  features  of  the  parallel  operation  of  the  two 
motors  on  each  leaf. 

4.  The  effect  of  wind  and  rain  upon  the  maximum  pow- 
er consumption. 

5.  The  accuracy  of  the  "balance  of  each  leaf. 

6.  The  spacing  of  the  resistance  steps  in  the  con- 
trollers. 


IE 


P0\7ER  COHSUKPTIOIT  TESTS  0?  A  BASCULE  BRIDGE 
APPARATUS 

Th,e  following  apparatus  was  used: 

1.  A  recording  wattmeter  and  auxiliary  equip- 

ment. 

2.  A  mechanical  device  to  record  the  motion 

of  the  bridge  leaf. 

3.  An  anemometer  to  measure  the  velocity  of 

the  wind. 

THE  WATTMETSR  AHD  ADXILIAEY  BQPnMEHT. 

The  wattmeter  used  was  a  portable  type,  recording 
meter,  manufactured  by  the  Esterline  Company  of  Indianap- 
olis, Ind.   It  was  designed  to  operate  either  on  direct  or 
alternating  current  at  5  aaiperes  and  200  volts  throu^  each 
of  its  sets  of  coils.   The  drop  over  each  current  coil  and 
its  leads  was  given  as  100  millivolts.   The  recording  mech- 
anism consisted  of  an  inking  needle  swinging  over  a  moving 
paper  operated  by  cloclcwork.   The  paper  was  furnished  in 
rolls  to  fit  the  meter  and  ruled  with  parallel  lines  so 
that  it  would  register  any  power  from  zero  to  ten  Icilowatts. 
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The  paper  movement  cotild  be  started  and  stopped  at  will  by- 
means  of  a  catch. 

In  order  to  adapt  the  meter  to  the  working  condi- 
tions of  the  test,  it  was  necessary  to  provide  shtmts  of 
the  proper  size  to  reduce  the  current  over  the  coils  to 
less  than  5  amperes  each.  It  was  found  most  convenient  to 
connect  each  coil  to  a  shunt  in  series  with  one  motor.  In 
this  way,  by  disconnecting  a  lead  to  one  coil,  the  share  of 
the  load  taken  by  either  motor  could  be  determined. 

Preliminary  runs  were  made  in  the  operation  of 
the  bridge  and  the  probable  max  imam  current  at  any  time  de- 
termined from  the  readings  of  the  regular  ammeter  in  the 
operating  house,  vdiich  was  found  to  be  150  amperes.   Con- 
sequently, two  75  an5)ere,  100  millivolt  shunts  were  provi- 
ded, and  one  was  placed  permanently  behind  the  switchboard 
in  the  line  to  the  north  motor,  and  the  other  similarly  in 
the  line  to  the  south  notor.   If  it  had  not  been  desired  to 
determine  the  load  on  each  motor,  only  one  150-anTpere  shunt 
would  have  been  placed  in  the  main  line.   The  meter  was  cali- 
brated with  these  shunts  before  and  after  installation (p.  16). 

The  next  problem  was  to  reduce  the  voltage  from 
580  volts  dO'OTi  to  200  volts,  the  allowed  voltage  over  the 
voltage  coils.   This  was  done  by  placing  a  resistance  in 
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series  witt  each  coil.   The  resistance  of  the  coils  Taeing 
known,  these  external  resistances  were  coii5)uted  from  the 

formula: 

R  =  580  -  200  ac 
200 

where  E  equals  external  resistance  in  ohms  and  Re  equals 
coil  resistance  in  olims.   Accordingly  when  the  meter  was 
connected  to  the  shants  and  tinder  the  acting  voltage,  itvas 
ready  at  any  time  to  record  the  power  taJten  by  the  iBOtors. 

A  calibration  curve,  curve  "A**  (cf.  page  36),  was 
prepared  from  the  results  of  the  meter  calibration.   The 
abscissae  are  the  recorded  power  as  given  by  the  meter  need- 
le; the  ordinates  are  the  true  power,  or  the  product  of  the 
current  through  the  shtints,  the  voltage  over  the  leads,  and 

the  ratio  -S^. 
200 

APPARATUS  PCE  RECQEDIITG  THE  AKGULAR  POSIT lOH  OP  BRIDGE  LEAP. 

The  problem  involved  here  was  to  transfer  the 
movement  of  the  leaf  in  some  accurate  manner  into  the  opera- 
ting house  and  onto  the  moving  paper  ^ich,  at  the  same  time, 
was  receiving  the  record  of  the  power,  which  has  already 
been  described.   Of  various  methods  considered,  the  follow- 
ing was  decided  upon. 


^.oii^-ocrr 


^^-Xja/!^—L 


Ce^r/zocLsj^ 


/^7T3lfas\ 
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A  "braided  steel  picture  wire  was  wo\md  around 
that  portion  of  the  main  trunnion  protruding  from  the  bear- 
ing on  the  end  nearest  the  operating  house;  one  end  was 
fastened  securely  and  the  other  led  off  as  shown  in  the 
following  picture. 


This  wire  was  then  led  up  into  the  operating 

house  hy  means  of  two  iron  pulleys  and  there  hung  over  a 
large  wooden  ptdley,  bracteted  to  the  wall  and  weighted  so 
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as  to  "be  under  a  constant  tension  of  ten  pounds.   From 
another  pulley  on  the  same  shaft  and  fastened  securely  to 
the  first,  a  wire  was  stretched  across  the  room  and  wound 
around  a  large  grooved  disc,  placed  horizontally  and  di- 
rectly over  the  wattmeter  and  counterweighted.   The  meter 
and  disc  were  arrsinged  on  the  stand  provided  for  them,  as 
the  photograph  on  page  Ho.  13  shows.   A  pencil  was  dropped 
throu^  a  closely  fitted  hole  in  the  disc,  so  that,  when 
the  disc  revolved,  tlie  pencil  described  an  arc  on  the  paper 
of  the  meter. 

The  radius  of  the  arc  described  hy  this  pencil 
was  made  the  same  as  that  described  by  the  meter  needle. 
However,  the  center  of  this  arc  ^was  placed  3/8"  beyond  that 
of  the  needle  to  avoid  any  interference  between  the  two. 

By  this  arrangement ,  \^en  any  movement  of  the 
leaf  occurred,  the  wire  xmwotind  from  the  trunnion  and  in  so 
doing  turned  the  disc  through  an  angle  proportional  to  the 
angular  position  of  the  leaf. 

la  order  to  find  the  instantaneous  power  corre- 
sponding to  any  angle  of  the  leaf,  it  was  necessary  to  move 
the  leaf-angle  curve  a  distance  of  s/s  of  an  inch  to  the 
left,  and  read  the  corresponding  ordinates  of  the  two  curves. 
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In  drawing  Tip  the  final  curves,  this  was  done  and  the  whole 
transformed  into  rectangular  co-ordinates  with  time  as  ab- 
scissae and  leaf  angle  and  pov/er  as  ordinates. 

The  diameters  of  the  pozlleys  were  determined  as 
follows: 

The  diameter  of  the  trxmnion  equals  16.50  inches. 
Assuming  that  the  leaf  turned  throu^  80°,  the  linear  mo- 
tion of  the  wire  was:- 

16.50  X  3.14E  X  80  -^  360  =11.51  inches 
This  motion  vas  communicated  directly  to  the  first  pulley 
in  the  operating  house,  the  diameter  of  which  was  made  6 
inches.   The  diameter  of  the  pulley  connected  to  it  was 
made  3-5/4  inches.   Consequently,  the  linear  motion  of  the 
wire  leading  from  this  second  pulley  was  reduced  from  11.51 
inches  to:- 

11.51  2  3-5/4  +  6  =  7,20  inches 

It  was  found  that  the  wattmeter  needle  had  a 
swing  of  60°  over  the  full  width  of  the  paper  and  a  radius 
of  4-7/1 6  inches.   The  movement  of  the  needle  point,  there- 
fore, for  full  scale  deflection  was:- 

4-7/I6  X  2  X  5.142  X  60  4-  360  =  4.64  in. 
Therefore  the  radius  of  the  disc  .necessary  to  reduce  the 
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motion  from  7.20  inches  dovm  to  4.64  inches  was:- 
7.20  X  4-7/15  4-  4.64  =  6.875  inches 
or  a  diameter  of  disc  of  13.75  inches. 

These  diameters  were  provided. 

AHMOMETER  AKD  DETERMIHATION  OF  TORQUE  DUE  TO  WIHD  PRESSUBE. 

The  anemometer  used  was  of  the  vertical  plane,  re- 
volving vane  type.   It  was  calibrated  hy  moving  it  through 
still  air,  for  definite  times  over  a  definite  distance,  from 
which  a  curve  was  obtained  showing  the  actual  velocity  plot- 
ted against  the  recorded  velocity. 

In  finding  the  means  of  determining  the  wind  pres- 
sure upon  the  bridge  leaf,  the  experiments  of  G.  Eiffel  in 
his  book,  "The  Resistance  of  the  Air  and  Aviation,"  were 
taken  as  the  most  reliable  standard.   Eiffel  gives  the  for- 
mula ;- 

P  =  .0033  SV^  , 
vAxere   P  equals  total  normal  pressure  in  pounds,  S  equals 
area  of  sxirface  in  square  feet,  and  V  equals  velocity  of  wind 
in  m»p«h.   The  constant  .0033  is  his  experimental  constant. 

A  curve  was  obtained  from  the  same  data  showing 
the  distance  of  the  center  of  pressure  of  the  wind  on  a  s^^r- 
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face  plotted  against  the   angle  of  the  surface  with  the  hori- 
zontal.  Values  of  this  distance  in  terms  of  the  length  of 
the  bridge  leaf,  and  values  of  S  in  the  preceding  formula 
were  inserted  in  a  new  formula:- 

JjI  =  pV 
^ere  M  equals  overturning  moment  in  foot  pounds,  p  is  a 
constant  determined  from  combining  .0033S  and  the  distances 
of  the  center  of  pressure  as  shown  above,  and  V  equals  the 

velocity  of  the  wind  in  feet  per  second, 

2 
Curve  "B",  page  37,  gives  values  of  V  and  curve 

"C",  page  38,  gives  values  of  p  in  this  formula  for  all 
angles  of  the  leaf  with  the  horizontal.   Thus  the  overturn- 
ing moment  of  the  wind  at  any  angle  of  the  leaf  can  be  com- 
puted and  then  plotted  along  with  the  time — angle  curve,  or 
with  the  time — ^power  curve. 
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POWER  COHSULIPTIOIT  T3STS  OF  A  BASCULE  BRIDGE 
RESULTS 

The   results  obtained  from  the  tests  are  in  gen- 
eral purely  relative  ones.   However,  they  show  a  higji  de- 
gree of  accuracy  in  many  details,  since  it  was  more  the  na- 
ture of  the  problem  than  the  use  of  the  apparatus  that  made 
them  relative. 

An  excellent  check  was  had  on  both  the  power 
curves  and  the  angle  curves.   The  power  recorded  at  defin- 
ite points  was  con5)ared  with  that  indicated  by  the  reading 
of  the  ammeter  in  the  operating  house  multiplied  by  the 
voltage,  and  found  to  average  96.4  per  cent  of  that  given 
by  the  operating  house  instruments.   Much  of  this  error 
was  probably  in  the  station  ammeter  itself.   The  angle 
curves  checloed  closely  with  the  angles  shovm  on  the  indi- 
cating arc  and  were  corrected,  on  transferring  them  to 
rectangular  co-ordinates,  to  the  exact  values  given  by  the 
indicating  arc. 

The  greatest  cause  of  error  was  in  the  lag  of  the 
wattmeter  needle  when  indicating  very  low  values.  As  this 
point  was  always  passed  when  the  first  point  on  the  control- 
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ler  was  reached,  the  error  did  not  affect  the  results. 

The  results  of  the  various  parts  of  the  tests  are 
discussed  in  the  following  paragraphs. 

1.  The  relation  of  the  power  consumed  at  any  instant 
to  the  angle, of  the  leaf  with  the  horizontal  at  that  in- 
stant. 

.  Curves  lA  east  leaf  (page  39)  and  IB  west  leaf 
(page  40)  show  the  relation  clearly.   These  curves  have 
had  the  proper  cali"bration  applied,  as  referred  to  under 
"Apparatus,"  and  are  in  rectangular  co-ordinates  to  facil- 
itate their  interpretation. 

Referring  to  curve  lA.  and  reading  forward  from 
the  lower  left  hand  comer,  it  is  seen  that  the  power  curve 
jumps  from  0  to  36  ^cilowatts  in  three  seconds  and  to  41 
kilowatts  in  four  seconds;  gradually  drops  to  35  Icilowatts 
in  fifteen  seconds;  increases  to  38.5  in  thirty-one  seconds, 
from  which  it  drops  abruptly  to  zero.   The  angle  curve  for 
the  same  period  shows  that  the  bridge  does  not  start  to 
rise  until  fully  two  seconds  after  the  power  is  applied. 
After  six  seconds,  the  angle  curve  has  assumed  a  uniform 
slope  and  continues  at  this  slope  until  thirty-one  seconds, 
when  it  begins  to  flatten  out  as  the  power  is  shut  off. 
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This  means  that  the  leaf  is  maintained  at  a  constant  veloc- 
ity throughout  almost  the  entire  run. 

Between  32  and  38  seconds,  the  leaf  is  at  rest, 
after  which  the  pov/er  is  applied  and  the  leaf  lowered.  The 
power  rises  rapidly  to  35  K.W.  at  44  seconds  and  then  falls 
gradually  to  26  K.W.  at  52  seconds,  v/here  it  drops  instant- 
ly to  zero.   The  angle  curve  assuiues  a  constant  downward 
slope  at  41  seconds,  or  three  seconds  after  the  power  is  ap- 
plied and  continues  with  this  slope  until  55  seconds,  or 
three  seconds  after  the  power  is  cut  off.   Prom  tliat  point 
it  gradually  flattens  out  and  reaches  zero  at  1  minute  18 
seconds,  which  is  the  duration  of  the  lift.   The  small 
jumps  in  the  power  curve  are  the  power  required  to  bring 
the  leaf  down  the  last  three  degrees. 

Eef erring  to  this  and  other  curves,  the  relation 
■between  the  power  and  the  angle  of  the  leaf  is  fOTxnd  to  te 
practically  the  same  for  all  of  them.   In  raising  the  leaf 
the  power  jumps  to  about  40  K.W.  and  remains  nearly  conr 
stant  at  this  amount  until  shut  off  \idien  the  leaf  is  raised 
an  average  of  68°.   In  lowering  the  leaf,  the  power  jun^s 
to  about  30  E.W.  and  then  gradually  drops  to  25  K.W.  when 
it  is  shut  off.   This  cut-off  point  occurs  generally  at  an 
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angle  of  35  degrees  with  the  horizontal. 

One  of  the  most  notable  properties  of  the  angle 
curve  is  that  the  angular  velocity  of  the  leaf  can  be  ob- 
tained from  it.   This  is  done  by  taking  the  difference  be- 
tween the  two  ordinates,  betwen  -which  the  velocity  is  de- 
sired, and  dividing  by  the  elapse  of  time  between  them. 
2.  The  relative  power  constuned  by  the  two  leaves 
under  similar  conditions. 

To  get  definite  results  on  this  relation  was  very 
difficult  because  the  results  are  easily  hidden  by  the  wind 
effect.   Although,  at  a  glance  over  a  number  of  cuiTres,  the 
total  power  consumed  for  either  leaf  averages  quite  well, 
the  details  vary  in  so  many  ways  that  no  definite  conclu- 
sion can  be  drawn  from  them.   Only  one  lift  on  each  leaf 
was  obtained  with  the  wind  velocity  do^vn  to  zero,  (see 
curves  IIA.  and  IIB  on  page  41).   These  curves  show  that 
the  west  leaf  required  111.5  per  cent  of  the  total  power 
required  by  the  east  leaf  in  raising,  and  at  the  same  time, 
the  east  leaf  required  108.5  per  cent  of  the  power  used  by 
the  west  leaf  in  lowering.   The  total  power  consumed  in 
raising  and  lowering  the  east  leaf  was  95.3  per  cent  of  the 
total  power  consumed  in  raising  and  lowering  the  west  leaf. 
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This  means,  if  this  nm  is  a  characteristic  one,  that  the 
east  leaf  operates  more  efficiently. 

However,  the  starting  torque  of  the  east  leaf  is 
greater  than  that  of  the  west  leaf  to  the  extent  that  it  re- 
quires three  kilowatts  more  power  to  overcome  it.   This  de- 
termination was  obtained  from  an  average  of  seven  runs  on 
each  leaf. 

The  time  required  to  raise  the  east  leaf,  when  no 
wind  was  blowing  as  seen  in  curves  IIA  and  IIB,  is  88  per 
cent  of  that  required  to  raise  the  west  leaf.  The  average 
time  required  to  raise  the  east  leaf,  as  shown  by  comparing 
ten  nms,  is  82  per  cent  of  that  required  to  raise  the  west 
leaf.  This  decrease  in  ratio  is  probably  due  to  the  wind. 
3.  The  features  of  the  parallel  operation  of  the  two 
motors  on  each  leaf. 

Q?his  part  of  the  test  was  of  particular  interest 
because  there  existed  no  information  in  regard  to  the  way 
the  motors  behaved  under  fjarallel  operation.   Although  many 
other  movable  bridges  in  Chicago  are  operated  with  series- 
connected  motors,  on  this  bridge  and  a  few  others  they  are 
connected  in  parallel,  as  shown  in  the  wiring  diagram  on 
page  16,  because  it  was  hoped  that  this  connection  would 
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give  more  satisfactory  results.   The  matter  of  series  or 
parallel  connections  lias  been  a  "bone  of  contention  among 
desigaers  of  bridge  macMnery  for  a  long-time,  and  it  was 
hoped  that  this  test  would  prove  that  the  motors  operated 
efficiently  under  parallel  control. 

The  results  show  clearly  and  conclusively  that 
such  is  the  case.   Curves  II3A  v;est  leaf  and  IIIB  east 
leaf  on  pages  42  and  43,  show  tlie  action  of  the  motors. 
The  results  on  either  leaf  are  practically  the  same. 

The  upper  part  of  curve  Illk.  was  obtained  as  fol- 
lows: The  wattmeter  was  connected  to  record  the  total  pow- 
er until  thirteen  seconds,  T;*ien  one  of  the  leads  to  the 
south  motor  was  disconnected  and  the  north  motor  allowed  to 
record  alone.   At  17  seconds  the  south  motor  was  again  con- 
nected and  the  north  motor  immediately  disconnected.   At  21 
seconds  the  north 'motor  was  again  connected  and  both  allowed 
to  record  until  the  power  was  shut  off.   On  the  downward 
movement  the  same  scheme  was  followed. 

The  middle  curve  was  obtained  by  making  a  complete 
run  with  only  the  north  motor  connected  to  the  meter  and  the 
lower  curve  by  mating  a  complete  run  with  only  the  south 
motor  connected. 
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The   two  lower  curves,  in  order  to  prove  that  the 
motors  take  the  same  load,  should  enclose  equal  areas.   Al- 
though the  runs  for  these  cvirves  were  two  minutes  apart  and 
did  not  represent  exactly  identical  conditions,  the  curve 
areas  are  almost  exactly  equal.   Since  the  runs  v/ere  made 
as  nearly  alilce  as  possible,  the  conclusion  that  the  two 
motors  are  talcing  the  same  power  is  justified.  All   doubt 
is  removed  on  examining  the  upper  curve.   There  it  is  seen 
that  the  sections  of  the  curve  showing  the  north  and  south 
motors  alone  are  exact  continuations  of  each  other. 

Curve  IIIB  shows  the  same  relations  existing  on 
the  east  leaf. 

These  tests,  therefore,  show  conclusively  that 
the  parallel  connection  of  the  motors  on  the  \7ebster  Avenue 
bridg-e  gives  very  efficient  and  successful  operation. 

4.  The  effect  of  the  wind  and  rain  on  the  maxijniim 
power  consumption. 

On  every  power  curve  obtained  during  the  test§, 
the  effect  of  wind  pressure  can  be  seen.   As  it  so  laap- 
pened,  the  wind  blew  from  the  west  on  every  day  on  -nhich 
the  bridge  was  operated.   This  made  it  inpossible  to  test 
each  leaf  under  wind  pressures  constant  both  in  voltune  and 
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direction. 

Portliermore,  as  the  wind  velocity  never  exceeded 
twelve  miles  per  hour  when  the  testing  apparatus  was  ready, 
the  very  high  pressures  . which  the  leaf  is  undoubtedly  sub- 
jected to  at  times,  could  not  be  obtained  very  clearly. 
Curves  IVA  and  I7B,  page  44,  show  the  effect  of  a  west  wind 
upon  both  leaves  of  the  bridge.   The  wind  had  a  velocity 
of  10.0  miles  per  hour.   The  total  power  required  to  raise 
the  west  leaf  against  the  wind  was  123  per  cent  of  that  re- 
quired to  raise  the  east  leaf  going  with  the  wind.   The 
total  povrer  required  to  lower  the  east  leaf  against  the 
wind  was  fully  176  per  cent  of  that  required  to  move  the 
west  leaf  with  the  wind. 

Curve  I7A  shows  the  pov/er  increasing  as  the  angle 
of  the  leaf  increases,  and  curve  IVB  shows  the  power  de- 
creasing at  the  same  time.   This  would  indicate  that,  as 
the  leaf  svri.ngs  up  into  the  wind,  the  normal  coinponent  of 
the  wind  pressure-  increases.   This  conclusion  would  natur- 
ally be  inferred. 

On  curve  JVC,  page  45,  it  has  been  atten5)ted  to 
show  the  relation  of  the  power  consumed  at  any  instant  to 
the  overturning  moment  due  to  the  wind.   The  curve  show- 
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ing  the  overturning  moment  vtsls   obtained  from  curves  "B"  and 
"C",  pages  37  and  38,  as  follows: 

First,  the  wind  velocity  of  20.5  feet  per  second, 

given  by  the  anemometer,  was  entered  in  curve  "B"  and  a 

2 
value  of  V  of  150  obtained.   Then  the  values  of  constant 

"p"  were  taken  from  curve  "G"  for  every  ten  degrees  of  lift. 

2 
The  quantity  pV  was  next  conrputed  for  each  ten  degree  in- 
terval and  laid  off  as  ordinates  tlirou^  the  points  on  the 
angle  curve  corresponding  to  these  ten  degree  intervals. 
A  curve  was  then  drawn  through  these  points.   This  ciirve 
shows  a  maximum  overturning  moment  of  145,000  foot  pounds, 
at  40  degrees  for  a  wind  velocity  of  12.2  miles  per  hour,  . 
or  the  equivalent  of  a  force  of  1,590  pounds  acting  normal 
to  the  leaf  on  the  off-shore  end. 

The  overturning  moment  curve  and  the  power  curve 
do  not  show  the  relations  ■which  they  should  theoretically, 
throughout  their  length.   The  wind  pressure  being  only  a 
small  per  cent  of  all  the  forces  tending  to  retard  the  leaf, 
this  relation  is  consequently  greatly  obscured. 

The  data  collected  from  all  the  curves  in  regard 
to  wind  action  have  shown  the  vnriters  that  attempts  to  mea- 
sure the  effects  of  the  wind  give  only  vague  results  where 
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actual  values  are  considered.   General  effects  are  shown 
very  well. 

The  effect  of  rain  was  found  to  be  almost  inap- 
preciable.  Only  one  run  was  obtained  with,  the  leaf  cov- 
ered with  water.   Ko  apparent  increase  in  power  v/as  to  be 
noticed. 

5.  The  accuracy  of  the  balance  of  each  leaf. 

In  designing  and  constructing  the  co\iriterwei^t 
of  each  leaf,  the  attempt  was  made  to  give  it  such  a  wei^t 
that  a  current  of  from  ten  to  twenty  amperes  more  would  be 
required  to  raise  the  leaf  than  to  lower  it.   The  results 
of  the  test  show  that  this  difference  was  not  obtained. 
From  an  average  of  seven  runs  on  the  west  leaf,  the  differ- 
ence was  found  to  be  25.7  amperes,  and  from  an  average  of 
seven  runs  on  the  east  leaf  the  difference  was  found  to  be 
28.1  amperes,  or  nearly  twice  the  average  amount  desired. 
An  examination  of  any  ntunber  of  power  curves  will  shov/  that 
difference  could  have  been  decreased  a  great  deal  by  increas- 
ing the  counterweight,  and  there  would  still  iiave  been 
enough  excess  wei^t  with  the  leaf  closed  for  a  large  safety 

factor. 

6.  The  spacing  of  the  resistance  steps  in  the  con- 
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trollers. 

Along  with  the  other  tests,  it  was  hoped  that 
some  idea  could  be  formed  regarding  the  way  the  current 
was  admitted  to  the  motors  and  hov;  this  was  controlled,  es- 
pecially at  the  moment  of  starting.   Accordingly,  the 
leaves  were  raised  ty  throwing  out  the  resistances  very 
slowly,  thereby  giving  curves  which  showed  the  current 
j\imps  distinctly.   Curves  VIA  and  VIB,  page  46,  give  these 
steps. 

On  the  controller  on  the  west  leaf  on  a  hi^  run 
of  39  amperes,  the  first  point  gave  approzimately  6  amps, 
the  second  24  amps,  the  third  5  amps,  the  fourth  3  amps, 
and  the  fifth  about  1  amp. 

This  shows  that  the  second  point  cut  out  is  much 
too  large,  and  that  especially  the  third  and  the  fourth  and 
also  the  fifth  are  too  small.   The  first,  however,  should 
be  rather  low  and  is,  therefore,  about  correct. 
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POi/ER  COKSDMPTIOK  TESTS  OF  A  BASCULE  BRIDGE 
C  0  II  G  L  U  S  I  0  H 

In  conclusion  the  writers  wish,  to  say  that  the 
power  constiraption  tests  brou^t  results  above  their  expec- 
tation.  The  difficulties  that  arose,  although  few  in  num- 
ber, required  a  careful  study  of  many  details  in  order  to 
solve  them  and  to  produce  results  in  a  form  both  simple  and 
accurate. 

It  has  been  demonstrated  that  the  various  objects 
sought  in  regard  to  bridge  operation,  can  be  brought  out  in 
the  sin^jle  way  described  in  this  paper,  thus  making  it  pos- 
sible to  perform  tests  of  this  Mnd  on  any  electrically 
operated  bridge.   iny  individvial  bridge  will  present  prob- 
lems of  its  own,  due  to  special  factors  entering  into  its 
construction,  which  may  necessitate  changes  and  elaborations 
of  the  testing  apparatus.   However,  if  the  proper  care  is 
exercised  in  making  and  recording  the  actual  tests,  the 
methods  described  in  this  paper  will  undoubtedly  produce 
satisfactory  results  and  ultiroately  solve  the  problems  con- 
nected with  the  operation  of  electrically  controlled 
bridges. 
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It  is  hoped  that  the  results  of  this  investiga- 
tion may  contribute  their  quota  to  the  solution  of  the 
problems  of  bridge  operation,  and  that  they  may  be  of  value 
in  the  future  in  the  designing  of  bascule  bridges  of  all 
tjrpes. 
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POWER  C0K3UUPTI01T  TESTS  0?  A  M3CULS  BRIDGE 
CURVES 

Below  is  a  print  of  a  typical  curve  as  recorded 
by  the  instruments. 


Following  are  prints  of  the  transformed  curves. 
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